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Introduction
Degenerative calcific aortic stenosis (AS) is the most 
frequent valvular heart disease in Europe and North 
America. The prevalence of this AS form is especially pro-
nounced in the elderly, representing a major public health 
issue [1–5]. The choice of optimal management of AS pa-
tients requires appropriate identification of subjects with 
severe AS, and echocardiography is a  first-line method 
to diagnose AS and estimate its severity [5]. According 
to clinical practice guidelines, echocardiographic criteria 
of severe AS include a calculated aortic valve area (AVA) 
< 1.0 cm2, mean transaortic valve pressure gradient 
> 40 mm Hg or maximal flow velocity > 4 m/s [5]. In-
consistencies in AS grading were confirmed by cardiac 
catheterization and a  calculated AVA of 0.8 cm2 corre-
sponded to a  mean transvalvular pressure gradient of 
40 mm Hg by echocardiography in patients with severe 
AS and a normal left ventricular stroke volume [6]. 
Aim
Our aim was to compare clinical characteristics of 
patients with severe degenerative AS according to the 
degree of AVA narrowing categorized by an AVA cut-off 
value of 0.8 cm2.
Material and methods
We retrospectively analyzed data of 145 previously de-
scribed [7] consecutive patients (66 women and 79 men) 
with severe degenerative AS who were admitted to our ter-
tiary center between January 2003 and October 2012. The 
diagnosis of severe AS was based on recognized echocar-
diographic criteria [5]. All examinations were performed by 
one of two well-experienced sonographers with the highest 
level of competence in our department. All patients under-
went elective coronary angiography and carotid ultraso-
nography as a part of routine diagnostic work-up. Patients’ 
characteristics obtained during the index hospitalization 
were recorded. The ethics committee of our university was 
notified about the registry and no objection was raised. 
A detailed study design was published previously, as well as 
results of a data analysis primarily focused on the determi-
nants of coexistent coronary and carotid atherosclerosis [7].
Cardiovascular risk factors (arterial hypertension, hy-
percholesterolemia, diabetes mellitus and self-reported 
current smoking habit) were defined according to current 
recommendations as reported previously [7]. Estimated 
glomerular filtration rate (eGFR) was calculated accord-
ing to the simplified Modification of Diet in Renal Dis-
ease Study formula. Significant coronary artery disease 
(CAD) was defined as a history of coronary revasculariza-
tion or the presence of ≥ 1 diameter stenosis of ≥ 50% of 
at least one major epicardial coronary artery on coronary 
angiography [7]. Relevant internal carotid artery stenosis 
(ICAS) was defined as stenosis of ≥ 50% of at least one 
internal carotid artery [7].
Statistical analysis
Data are shown as mean and standard deviation (SD) 
for continuous characteristics and numbers (n) and per-
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centages for categorical variables. The patients were di-
vided into two groups according to the AVA value: group 
A with an AVA in the range 0.8–1.0 cm2, and group B with 
an AVA < 0.8 cm2. Intergroup differences were calculated 
by a two-sided Student’s t test for continuous data and 
two-tailed Fisher’s exact test for proportions. 
In order to identify independent predictors of cat-
egorized stenosis severity, multiple logistic regression 
was performed with a dichotomized AVA (< 0.8 cm2 vs. 
0.8–1.0 cm2) as a dependent variable, and age, gender, 
eGFR and the number of selected traditional risk factors 
(hypertension, hypercholesterolemia, diabetes mellitus 
and current smoking habit) as potential predictors. The 
Hosmer-Lemeshow test was performed to verify the 
goodness of fit of the regression equation. 
In addition, because we had previously described an 
effect of the age-gender interaction on the prevalence 
of significant CAD [7], we evaluated whether a  similar 
interaction might affect categorized AS severity. Accord-
ingly, we created an interaction term which was set to 
1 in women older than 76 years, and equalled 0 in the 
remainder. Then the significance of the possible age-gen-
der interaction was tested by entering the interaction 
term, gender and categorized age (according to a median 
of 76 years) into a supplemental logistic regression anal-
ysis with a dichotomized AVA as a dependent variable.
Statistical analysis
A  p-value below 0.05 was assumed significant. All 
analyses were performed using a licensed statistical soft-
ware: Statistica (data analysis software system), version 
12 (StatSoft, Inc., 2014, Tulsa, OK, USA).
Results
As shown in Table I, patients with more advanced 
AS (group B: AVA < 0.8 cm2) were older, more frequent-
ly women, and with a  lower prevalence of smoking 
habit compared to subjects with an AVA in the range 
Table I. Patients’ characteristics according to dichotomized aortic valve area (AVA)
Characteristics Group A
AV: 0.8–1.0 cm2 
N = 67
Group B
AVA < 0.8 cm2
N = 78
P-value
Age and gender:
Age [years] 72 (9) 77 (9) 0.006
Gender, men/women, n (%) 44/23 (66/34) 35/43 (45/55) 0.013
Clinical characteristics, n (%):
Arterial hypertension 58 (87) 64 (82) 0.5
Hypercholesterolemia 49 (73) 48 (62) 0.16
Diabetes mellitus 24 (36) 28 (36) 1
Smoking habit 11 (16) 4 (5) 0.03
Echocardiographic parameters:
Left ventricular ejection fraction, n (%) 56 (12) 56 (14) 0.9
PG-max [mm Hg] 80 (26) 98 (26) < 0.001
PG-mean [mm Hg] 50 (20) 59 (17) 0.003
Coexistent coronary and carotid atherosclerosis, n (%):
Significant CAD 42 (63) 44 (56) 0.5
Relevant ICAS 11 (16) 11 (14) 0.8
Biochemical characteristics:
Total cholesterol [mmol/l] 4.4 (1.1) 4.6 (1.2) 0.3
LDL-C [mmol/l] 2.6 (1.0) 2.5 (0.9) 0.5
HDL-C [mmol/l] 1.4 (0.5) 1.3 (0.5) 0.3
Triglycerides [mmol/l] 1.3 (0.4) 1.4 (0.8) 0.3
eGFR [ml/min/1.73 m2] 78 (29) 78 (29) 0.98
Data are presented as mean (SD) or n (%). CAD – coronary artery disease, eGFR – estimated glomerular filtration rate, HDL-C – high-density lipoprotein cholesterol, 
ICAS – internal carotid artery stenosis, LDL-C – low-density lipoprotein cholesterol, PG-max – maximal transvalvular aortic pressure gradient,  PG-mean – mean 
transvalvular aortic pressure gradient.
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0.8–1.0 cm2 (group A). The two groups did not differ in 
the proportion of other traditional risk factors or bio-
chemical characteristics. Maximal and mean transaor-
tic pressure gradients were higher in group B, while left 
ventricle ejection fraction and biochemical characteris-
tics were comparable in both groups. The proportion of 
subjects with coexistent significant CAD or relevant ICAS 
was similar across the groups (Table I).
Multiple logistic regression confirmed an indepen-
dent association of stenosis severity with female gender, 
while a weak positive effect of age did not reach statisti-
cal significance (Table II). Curiously, stenosis severity was 
not more pronounced with increasing number of classical 
atherosclerotic risk factors; on the contrary, an opposite, 
yet not significant, relationship was observed (Table II). 
There was no interaction between age and gender in 
terms of the categorized degree of stenosis severity (p = 
0.3). In other words, the proportion of AS patients with 
an AVA < 0.8 cm2 was higher in those with an over-medi-
an age (> 76 years) compared to their younger counter-
parts both in women (31/42 vs. 12/24, i.e. 74% vs. 50%, 
p = 0.06) and men (14/28 vs. 21/51, i.e. 50% vs. 41%, 
p = 0.5).
Discussion
Our principal finding was a lack of differences in the 
prevalence of traditional atherosclerotic risk factors ac-
cording to the degree of AS. Such a difference might be 
expected assuming a putative contribution of atheroscle-
rotic risk factors to the development of degenerative AS 
[8, 9], keeping in mind the progressive pattern of AS. Our 
multivariate regression analysis showed a  lower, albeit 
insignificantly, number of classical risk factors in patients 
with more severe AS. 
However, our results are consistent with a  study by 
Ortlepp et al. [10], who reported that the presence of 
coexistent CAD, but not severe calcific AS by itself, was 
associated with increased prevalence of traditional risk 
factors. In their study, none of the traditional risk factors, 
including hypertension, hypercholesterolemia, diabetes 
mellitus and smoking, showed a  significantly increased 
proportion in patients with severe AS compared to those 
with a normal aortic valve, irrespective of the presence 
of significant CAD on angiography. In particular, Ortlepp 
et al. [10] described a lower prevalence of smoking habit 
in AS patients compared to non-matched controls with-
out AS, in some analogy to a  decreased percentage of 
smokers in subjects with more severe AS in the pres-
ent study. Additionally, in that study, CAD prevalence 
increased gradually with the increasing number of risk 
factors [10], in agreement with our previous analysis 
focused on determinants of the presence of coexistent 
atherosclerosis in the same study group [7]. Accordingly, 
since in the present study the prevalence of coexistent 
significant CAD or relevant ICAS was similar in those with 
an AVA < 0.8 cm2 and 0.8–1.0 cm2, this is likely to explain 
comparable percentages of the traditional risk factors in 
groups A and B. 
Admittedly, we did not study control subjects without 
severe AS. Nevertheless, similar mechanisms appear to 
account for the development of severe AS and its further 
progression. Therefore, our results support the notion 
that the link between AS and atherosclerotic risk factors 
may be mainly due to their association with accompa-
nying CAD [10]. In line with this concept, statins failed 
to retard the progression of degenerative AS in a recent 
meta-analysis [11]. So, despite some similarities, athero-
sclerosis and degenerative AS may be regulated by differ-
ent pathways, which was also suggested by a lack of cor-
relation between aortic valve calcification and coronary 
artery calcium score or ascending aorta calcifications 
in patients aged ≥ 60 years [12]. Notably, only age and 
male gender, but not other risk factors, were significant 
independent predictors of progression to AS over a mean 
5-year follow-up in elderly subjects with normal aortic 
valves or aortic valve sclerosis without AS at baseline 
[13]. Furthermore, after exclusion of patients with CAD, 
traditional risk factors were not associated with subse-
quent surgery for AS over a mean follow-up of 10.5 years 
in a recent nested case-referent prospective study [14], 
which also supports our findings.
That our study patients with more advanced valve 
stenosis were older by about 5 years is consistent with 
progression of degenerative AS with age. Additionally, 
a higher proportion of females in this subgroup is not un-
expected, keeping in mind the 8-year longer average life 
expectancy in women compared to men in Poland [15]. 
In a previous analysis of the same study group [7], we 
proposed a “survival bias” to explain an observation that 
the prevalence of significant coronary atherosclerosis in 
AS patients with an over-median age (> 76 years) was sig-
nificantly higher compared to their younger counterparts 
only in men (89% vs. 55%, respectively, p = 0.002), while 
the corresponding proportions were similar in women, 
exhibiting, counterintuitively, even a slight opposite ten-
dency (48% vs. 54%) [7]. The hypothetical survival bias 
Table II. Logistic regression analysis of predictors 
of an aortic valve area below 0.8 cm2
Predictor variable Odds ratio (OR)
Mean OR (95% CI) P-value
Age (per 10-year increment) 1.47 (0.97–2.23) 0.07
Gender (women vs. men) 2.23 (1.03–4.81) 0.04
Number of risk factors  
(per increment of 1)
0.71 (0.47–1.06) 0.09
eGFR  
(per rise of 10 ml/min/1.73 m2)
1.01 (0.89–1.15) 0.84
CI – confidence interval, eGFR – estimated glomerular filtration rate. p = 0.3 by 
the goodness-of-fit Hosmer-Lemeshow test for the regression equation.
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could result from a high mortality in women with severe 
AS and coexistent CAD, which might have abolished the 
expected age-dependent rise in the prevalence of signifi-
cant CAD in women with severe AS [7]. 
In contrast, in the present analysis, a higher preva-
lence of more advanced AS in older AS patients (aged 
> 76 years) compared to younger AS subjects was ob-
served irrespective of sex, i.e. both in men (50% vs. 41%) 
and women (74% vs. 50%). This finding strengthens 
the previously proposed concept of survival bias, being 
concordant with the notion that a hypothetically altered 
mortality pattern in women with severe AS could be 
linked to coexistent CAD. Accordingly, we had previously 
found an interaction between age and gender with re-
gard to concomitant prevalence of significant coronary 
atherosclerosis [7]. However, such an interaction was 
absent in the present study regarding the degree of AS 
severity. The latter would be expected if that interaction 
were related to a higher premature mortality of women 
owing to more severe AS, but not to concomitant CAD.
Conclusions
Within patients with severe AS, the degree of ste-
nosis severity is associated with a similar prevalence of 
coexistent coronary and carotid atherosclerosis and ath-
erosclerotic risk factors. Thus, a link between AS and risk 
factors may result from their association with concomi-
tant atherosclerosis rather than AS by itself. 
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